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(g) Steel for plastics molds superior in wettability. 

© Disclosed is a steel for plastics molds superior in wettability. The steel consists essentially of C: 0.1 to 
a3%, Mn: 0.5 to 3,5%, Cr: 1.0 to 3.0%, Mo:0.03 to 2.0%, V:0.01 to 1.0% and 8: 0.01 to 0. 0%; S,: not more 
than 0.25%, P: not more than 0.2%, and B: not more than 0.002%: the balance being substant.ally Fe, The alloy 
composition should satisfy the following formula: 
BH = 326.0 + 847.3 (C%) + 18.3 (Si%) 

" "inf steel can ta^elded in the process of manufacturing a plastics mold without requiring preheating and 
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STEEL FOR PLASTICS MOLDS SUPERIOR IN WELD ABILITY 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to an improvement of a prefiardened steel used tor manufacturing plastics molds. 
Stats of tig Art 

To date general structural steels (for example, S55C) and medium or low carbon steels (typically, 
SCM445)have been used as the material for manufacturing plastics molds, particularly injection molds, to 
produce relatively large-sized moldings. 

In a mold fabrication for which these materials are used, the circumstances are such that a mold on the 
way to fabrication must be repaired, so often, through build-up welding due to working errors or a design 
changes. For welding repair, a preheating (250 to 350* C), and further a postheating, as occasion demands, 
will be necessary for prevention of weld crack. 

However, the problem is that an exclusive heating furnace will be prepared preferably for ensuring a 
uniform heating and that the larger a mold is, the longer the time is required, and a welding work for the 
pieces of high temperature involves, as a matter of course, a lowered working efficiency. Weld cracks are 
quite unavoidable from carrying out welding on the insufficiently preheated molds, which are no more to 
attain the purpose, and there may be a case, still worse, where an excessive crack is caused thereon to 
necessitate refabrication consequently. 

Besides, the steel for plastics molds must be ready for hardening, uniform in hardness at every 
sections, less in segregation and superior in both mirror finishing and crimping workability, and also 
satisfactory in machinability. 

SUMMARY OF THE INVENTION 

In solving the aforementioned problems, the object of this invention is to provide a steel for plastics 
molds superior in welding repair efficiency and free from causing a weld crack from carrying out build-up 
welding without preheating and postheating as keeping or ehnancing properties of the material currently 
employed. 

A steel for plastics molds according to this invention which is superior in weldabitity without requiring 
preheating and postheating basically consists of C: 0.1 to 0.3%, Mn: 0.5 to 3.5%, Cr: 1.0 to 3.0%, Mo: 0.03 
to 2.0%, V: 0.01 to 1.0% and S: 0.01 to 0.10%; Si: not more than 0.25%, P: not more than 0.02% and E: 
not more than 0.002%; the balance being substantially in Fe; and the alloy composition satisfying the 
following formula: 

BH = 326.0 + 847.3 (C%) .+ 18.3 (Si%) - 8.6 (Mn%> 
- 12.5 (Cr%) £ 460 

Further to the aforementioned alioy compositon, Ni will be added at 2,0% or less, thereby enhancing a 
hardening efficiency- Furthermore, one or more of Zr: 0.003 to 0.2%, Pb: 0.03 to 0.20%, Te: 0.01 to 0.15%, 
Ca: 0.005 to 0.010% and Bi: 0.01 to 0.20% will be added to the aforementioned basic compositon, thereby 
enhancing the machinability. Needless to say, Ni and the free-cutting element or elements may be used at 
the same time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

All the drawings show the graphs of the test data on this invention: 
Rg. 1 indicates an influence exerted on weld crack susceptibility by P-and S-contents in the steels; 
Fig. 2 indicates an influence exerted on weld crack susceptibility by Si-content in the steels; 
Rg. 3 is that in which the relation between a Pc value of steel and a weld crack rate is plotted; 
Fig. 4 is that in which the relation between a hardness of a weld interface on a base metal side and a 
maximum weid crack number is plotted; 

Rg. 5 refers to data of hardening efficiency when Mn-and Cr-contents are changed in the steels of this 
invention; 

Fig. 6 represents that for which the limit of weld crack is combined with the limit of hardening efficiency 
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obtained from the data of Fig. 5; . ... „ m „^j r ^«,i 

Fig. 7 end Fig, 8 represent machinability of the steete of this invent™ as compared w.th a oonventonal 
steel, whereinFlg. 7 represents the case of end mill cutting, and Fig. 8 repents the case of dnfl. cutting 
Fig. 9 represents distribution of hardness in the material of large sector, as compared with a conventual 
steel. 

DETAILED EXPLANATION OF PREFERRED EMBODIMENTS 

It is not easy to ensure a hardening efficiency enough to secure HRC 30 to 33 or. a mater*! for the 
molds such large-sized as 500 x 1,000 mm in sect.cn. and also to reduce Ih s sc S ptrb (l tv to ,veid crack 

*Cp2f when a "weld crack susceptibilr* index", Pc, of a steel for molds is expressed with 
reference to an alloy compositon by the following formula: 
Pc = C 4 Si/30 + Mn/20 + Cr/20 + Ni/60 + Cr/ZO 

^^^^ 

^^rSS:f^ HRC 30. a high temperature tem^g w, be 

, premled n vew of fresidual stress removal, and for securing a sufficient hardening efficiency m 
ZSrai TJL effect, elements for enhancing the hardenabiijy such as ? 
must be added thereto, therefore the Pc value usually breaks through the aforementioned hmrt, 0.3. 
Accordingly, a preheting at 300° C or around was necessary in the past as mentioned above 

To remove such a drawback, the inventions have taken the *lloy components into reexamination and 
, found that from reducing a content of Si and controlling impurities, P and B, and torther a owing a . proper 
quantity of 8 to exist, an addition limit of the hardenability enhancing elements will * and even 

in a domain where the Pc value exceeds 0.3, a preheating a advance to welding can be omitted. 

in furthering the research, it has been found that the limit for the weld crackd to anse may be deeded 
pracSc J b the BH value expressed by the foregoing formula rather than the Pc ^ 
o ETrtJL on a base metal side in the vicinity of a weld interface •^ t ^ A °J^^^ 
interface satisfies this condition, then thejweld crack can securely be prevented. A description w.H refer in 
detail to this respect hereinlater. .. ^..i*,-* a w mfD thP 

in the steel tor plastics molds of this invention which has been ^^Z S^^ ^n 
effects of each alloy element and the reason why the composition ranges are thus limited are as given 



C provides hardness. When tempered at SOO'C or higher to remove residual stress > after heat 
treatment, C must be present at 0.1% or more for obtaining a necessary hardness HRC 28 or higher, an 
the other hand, C-content must not exceed 0.3% so as to reduce a weld crack susceptibility. 



Mn: 0.5 to 3.5% 

Mr. is added for securing hardenabiltty other than functioning as a deoxidizer at the time of ^fining. 
Then, it is effective for suppressing weld crack by lowering the hardness of the base metal at the time of 
welding. A content coming less than 0.5% is not to ensure the effects. If exceeding 3.5%, the mach.nab.lity 
will be low and the steel becomes improper for mold fabneation. 



so Cr: 1.0 to 3.0% 

A content of Cr net less than 1 .0% is required for securing hardenability of large-sized ™«s. Howeve, 
if it exceeds 3%, then Bainite transformation curve shifts to the long time s.de and an tntended Ba.nite 
structure will not be obtainable, thus the machinability deteriorates. Disadvantageous economically, too. 

55 

Mo: 0.03 to 2.0% 

Mo functions also for enhancing hardenability of large-sized molds and for securing a hardness at HRC 
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2S or higher by providing tempering softening resistance at 600 ' C or higher. 

0.03% Mo is still effective. If contained much, then a machinabiiity deteriorates and a h.gh cost may result, 
therefore it is added up to 2.0% and no more. 

s V: 0.01 to 1.0% 

V is effective highly on enhancing a tempering softening resistance. Addition at 0.01% or more is 
available for securing a hardness at HRC 28 or higher. It is also effective on fining down crysta Iflrans. 
Addition at 0.01% or more is effective, however, if added excessively on the other hand, machinability and 
io stiffness may deteriorate, therefore, it is added selectively within 1.0%. 

S-.0.01 to 0.10% 

Existence of S at 0,01% or more is effective on prevention of weld crack. Existence of S in some 
is quantity is preferable also tor machinability. However, addition exceeding 0.1% is ready for causing weld 
crack {so-called "lamellar tier") due to existence of the sulfides and deteriorating stiffness. With respect to 
the crimping and mirror finishing, addition of a smaller quantity is preferable. 
The reason why the contents of Si, P and B are controlled is as follows: 

20 Si: not more than 0.25% 

While Si is useful from the viewpoint of deoxidation effect and hardening efficiency at the time of 
producing the steel, it is to be controlled as little as possible for lowering a weld crack suscept.bil.ty. It is 
preferable that the content be also reduced for lightening the segregation and enhancing crimping 

25 workability. The content 0.25% is a tolerance limit. 

P: not more than 0.02%; B: not mroe than 0.002% 

Both the elements are harmful to weld crack susceptibility, and hence are to be removed to the utmost, 
ao The aforementioned numerals are defined as the tolerance limits both. 

Functions of the arbitrary additive elements and the reason why the contents thereof are limited are as 
follows: 

Ni: not more than 2.0% 

35 As described hereinbefore, addition of Ni may contribute to enhancement of hardenability. If the content 
exceeds the upper limit, the machinability deteriorates. 

Zr: 0,003 to 0.2%, Pb: 0.03 to 0.2%. Te: 0.01 to 0.15%. Ca: 0.0005 to 0.010%, Bh 0.01 to 0.2% 

40 These are all free-cutting elements. Above all. Zr functions to control elongation of sulfides and thus to 
enhance the stiffness, however, if the content exceeds 0.2%, then the machinabilify rather deteriorates. The 
other elements are restricted for occurrence of ground flaw and black spot, and the upper limits are 
determined each accordingly. 

45 The steel for plastics molds according to this invention is ready for repairing through welding work at 
ordinary temperature without requiring preheating and pcstheating, and there is no substantial risk of cracks 
in the weld zone. With a satisfactory hardening efficiency, even a large-sized material has a uniform 
distribution of hardness in sections, and thus a mold with less strain is obtainable even from die-milling 
straight a block supplied as a prehardened steel of HRC30 class (not less than 28). Because of less 

so segregation, crimping workability is satisfactory, and unevenness of grinding is almost not resultant, too. 
The machinability is superior to a prior art SCM445 steel (HRC27 or so). 

Accordingly, the steel for molds is preferable as a material intended for manufacturing large-sized 
plastics such as automobile panel, bumper, TV cabinet, bathtub and the like. 



The history wherein this invention was achieved will be described with reference to the experimental 
data, and the ground whereby the aforementioned composition has been selected will be indicated. 
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First three kinds of steels of the compositions given in able 1 were prepared and the ingot thereof 
were ZbiS to a heat treatment after forgng, trus preparing testae, ttttr, , was ca r ed 
thereon according to "Diagonal Y-type Weld Crack Test Method" specified by J1S Z-3158. and the weia 
zones were cut to see how cracks stand. 

Table 1 

C : 0.20 
Si: 0.06 
Mn: 1.0 

P : 0.003 to 0.017 

(wt. I, balances Fe) 



S : 


0.002 


Cr: 


2.5 


Mo: 


0.4 


V : 


0.1 



a nra ^ nf Fin 1 was obtained from olotting influence of P-content and S-content exerted on the weld 
™£ S h « . "ZL J P "L h. „*u~> - «h :« possible, or no, ™ «,„„ 0.0» 

„» „*H to s<* ho. C art Si o.«s would mm*™*, oo t» «sld cm* «* f 

and S contents kept almost constant. 



Table 2 
C : 0.15 to 0.20~ 
Si: 0.05 to 0.9 
Mn: 1.0 
P : 0.003 



S : 


0.026 


Cr: 


2.5 


Mo: 


0.4 


V : 


0.1 



(wt. %, balance: Fe) 



A graph indicating the weld crack rate is as shown in Fig. 2. From the result, it is understood that S 
mus^e 0 2% o less for the component given in Table 2, and a limit of the Si content rises .n the case of 
S5££f However in consideraL of the segregation being capable of impairing a cnmpng workabH.ty, 

tS^^T^lfc^l and Mn-oontents which exert an influence upon the weid crack 
JSX^'S^ «cy, the steels of the composition of Table 3 wore prepared and 
subjected to the same welding test. 
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C : 


0 


10 to 0.20 


S : 


0 


026 


Sii 


0 


05 to 0.15 


Cr: 


1 


5 to 2.5 


Mn: 


0 


5 to 1.5 


Mo: 


0 


4 ' 


P : 


0 


003 


V : 


0 


1 



(wt. 1, balance: Fe) 



The results obtained from calculating Pc values of each sample and plotting the relation the weld 
crack rata are as shown in Rg. 3. From the graph, it is understood that weld crack can substantially be 
a "veTfl setting the^Pc vaiue at 0.4 or so exceeding 0.3 which is a limit 
so realized by lowering-content Si and regulating P-content, and ^^^^^^ 
however since the Pc value has a width in limits it is taken not so proper as a method for adjustment. 

ZIretot, every conceivable means was taken up for examination to regard a ^ma— aac 
numbTas the weld crack susceptibility instead of the weld crack rate and shape rt with the hardness on a 
Ze metal side of the weld interface where a maximum stress t^*"** ^^^^ 
4 in the graph, the weld crack rate sharply increases at the boundary of 460 m Hv of the hardness BHon a 
base metal side of the weld interface. Therefore, an alloy composite to prov.de a weld zone whereat the 
BH value does not reach 460 may be employed. r «te, anee to the 

As a result of having carried out a regression analysis cn the aforemenfoned data ^J*™* to the 
relation between the BH value and the alloy compostion, the above-mentioned equation, that .s. 
BH = 326.0 + 847.3 (C%) + 18.3 (Si%) - 8.6 <Mn%) 
- 12.5 (Cr%) 

(Coefficient of correlation: 0.9870; factor of 
contribution: 0.9741) 

was obtained. Here, what is notable is that coefficients of Mn and Cr are minus. 

Further for examining C- Cr- and Mn-contents from an aspect of hardening eff-c.ency, when a matenal 
B 00^^-Jr^mm , «* in section was settled and cooled down, hardening and tempenng were 
carried out as simulating a cooling curve at the centra! portion, as: 
{Hardening conditions) 
heated up to 970° C for 30 minutes ^ 
cooled down to 600 * C at a rate 2.5 * C/min. 
cooled down to ordinary temperature thereafter with the 
cooling rate reduced by half 

ESTATE? 60 minutes air-cooled with reference * a steel of the composition coming ; in 
(0^5/0.20)0 - 0.06S! - (0.5/1 .0/1 .5)Mn - (1 .5/2.0/2.5)Cr - 0.4Mo - 0.1V - Fe. The data » as shown .n F,g 5 
presenting the case of 0.20%C. and the domain where HRC is 28 or higher comes on the nght s.de of a 

line running from left to right downward. , . to „ 

On the other hand, in regard to the weld crack, it is necessary that Cr and Mn be contained not less 
than a c?^ mit as w„, be' understood from the aforementioned equation of BH vto From combining 
fhfs with the aforementioned limit on hardening efficiency, the domain is as indicated by ^ U«a«fij 
6 in the case of 0.20%C. Further, in the case of 0.15%C, when HRC becomes 28 or higher, a weld crack is 
not produced within the limit for providing a hardening efficiency. 



(Working Example 1 ) 

The alloy coi 
was determined 



The alloy composition with a predetermined hardening efficiency and a low weld crack sueceptibi ity 
was determined as described above, therefore, steeis coming within the ™ ^^^T^ 
and enured for machmabiiity. That is, steels of the composition ^own.n Table 4 were pr pared, nd the 
ingots were forged to 360 mm high x 810 mm wide x 2.000 mm long, and then hardened and tempered. 
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in Table 4 samples No. 1 and No. 2 are steels according to this invention, and No. 3 is a conventional 
SCM 445 steel. For hardening, No. 1 and No. 2 were heated at 970 C, No. 3 was heated at 870 C, all 
were subjected to an air blast cooling, and all were tempered at 600° C. 





No ■ 1 


Mo. 2 


Wo. 3 


c 


0.18 


0. 17 




Si 


0 . 040 


0.035 


0 .24 


Mn 


1.01 


1.49 


0. 24 


P 


0.006 


0.006 


0.018 


S 


0.027 


0.025 


0.025 


Ni 


0.03 


0.03 


0.17 


Cr 


2.51 


2.00 


1.26 


Mo 


0.40 


0.39 


0.34 


V 


0.11 


0.11 




B 









As for hardness HRC after heat treatment, No. 1 and No. 2 stood both at 32, and No. 3 at 27.5. Both 
steels of this invention were of Bainite in structure, of which No. 1 had some feriite mixed therein, and No. 3 
was a ferrite/pearlite structure. 

The machinability was examined according to the following conditions: 
(End mill cutting test) 
End mill: 10 mm diameter; 
cutting width: 10 mm 
Depth of cut: S mm 
Cutting oil; Yucilone No. 3 
(Drill cutting test) 
Drill: 5 mm diameter, SKH51 
Hole of cut; Wind hole 16 mm 
Cutting oil: 

Criteria ot life: melting . 
The results were as shown in fig. 7 (end mill cutting) and Fig. 8 (drill cutting). The difference m the 

structure may be the reason why the steels of this invention are superior in machinability despite being high 

in hardness as compared with a conventional steel. 

To examine the uniformity of hardness distribution at sections of the steels No. 2 and No. 3 above, 

materials 360 mm high, 810 mm wide and 2,000 mm tang each were cut at the center, and the hardness at 
i p D i n t s covering the upper and lower surfaces from the centers was measured. The results obtained by 

plotting the data are as shown in Fig. 9. White a width of the hardness HRC reaches 5 to 6 in the case of 

the prior art steel, it is kept within 2 in the steels of this invention. The difference indicates that a mass 

effect of the steels of this invention is small. 

In regard to the weld crack resistance which is the most important, blocks 240 mm high, 400 mm wide 
; and 600 mm long each were cut out of the materials No. 1 to No. 3 above, build-up welding on the upper 

surface (bead A) and build-up welding on the end surface (bead B) were carried out through TIG welding 

using DS250 (0 14C - 0.72Si - 2.2Mn - 1.1Cr - D.5Mo) as the welding material both. Conditions on how the 

weld crack was produced were examined with reference to the bead A left as welded, and ground up to the 
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surface and to Q.5 mm and 1,0 mm in depth each on a grinder, and also with reference to the bead B left 
as welded, and ground up to the surface on a grinder. In the welding carried out to the steel of comparative 
example, cracks occurred under and at flie end on the beads in both cases mentioned above, while no 
crack was totally observed in the steels of this invention. 

6 

(Working Example 2) 

Steels of the composition shown in Table 5 were prepared. Mo. 21 in the comparative example is 
conventional SCM445 steel. After forging, the following haat treatment was applied: 
w (Hardening) 870 to 1 ,030 ° C air-cooled 
{Tempering) 600 to 650 ° C 

Each sampie was subjected to measurement of hardness at the section center line 400 mm thick and 
900 mm wide. Values at the surface layer and the center are shown in Table 6. 

As to the weld crack, a crack rate {%) was recorded through the diagonal Y-type weld crack test 
m specified in JIS Z-3158 as mentioned above. For workability, drill cutting (aforementioned conditions), mirror 
finishing (finish grade #3000) and crimping were carried out thereon, and appreciation was made by the 
ratio of time required for working as compared with the conventional SCM445 steel. (Accordingly, the 
smaller the numerical value is, the better the result becomes.) Those results are also included in Table S. A 
satisfactory crimping workability of the steels of this invention may be so ensured by a decrease of 
20 segregation according to lowered Si-content and P-oontent employed by this invention. 
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aims 

consisting essentially ci C: 0.1. to 0.3%, Mn: 0.5 to 3 5 „ Cr 1 d * J.o , 8 . ^ mofe than 

1.0% ana S: 0.01 to 0.10%; Si: not more ^/^^Sn^ng^ following formula: 
0 002%- the oaianos being substantially Fe; and the ai.oy composition sat.srymg 
BH =» 326.0 + S47.3 (C%) + 18.3 (Si%) 
- S.6 (Mn%)- 12.5 (Cr%)S 430 

«*** "»»«* °< C: °<: 1 •*£ SddL taeto. St rot more ten 0.25% K not 

composition satisfying the following formuik 
BH = 326.0 + 847.3 (C%) + 13.3 (Si%) : 
-8.6(Mn%)-i25(Cr%yi460 

satisfying the following formula: 

BH = 326.0 + 847.3(0%) + 18.3 <Si%) 

.8.6 (Mrt%) - 12.5 (Cr%> * 460 

A ,0, pMc. 

alloy c'ompositon satisfying the following formula: 
BH = 326.0 + 847,3 (C%) + 18.3 (Si%) 
-8.6 (Mn%)- 12.5 (Cr*)S 460 
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FIG.7 
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FIG. 9 
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